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Abstract

Fusarium oxysporum f. cucumerinum was sensitive to hymexazol (3-hydroxy-5-
methylisoxazole, soil fungicide, Tachigaren®), whereas Saccharomyces cerevisiae was
tolerant. Growth of F. oxysporum f. cucumerinum in the liquid culture medium was
considerably inhibited by 300 ug/ml of hymexazol incorporated in the medium, while
the growth of S. cerevisiae was not inhibited even at a concentration of 1,000 pg/ml.
Differences in toxicity of hymexazol to these microorganisms primarily resulted from
difference in uptake. No detectable metabolic conversion of hymexazol occurred in
cultures of S. cerevisiae. Oxygen uptake by the intact cells of F. oxysporum f.
cucumerinum was not greatly inhibited by concentrations of hymexazol that prevented
growth of the fungus. Furthermore, the oxidation of succinate in mitochondrial
preparations of the fungus was not significantly sensitive to the toxicant nor was
respiration of intact cells. In addition, hymexazol at 500 pg/ml did not affect oxygen
uptake by mitochondria derived from rat-liver. A concentration of hymexazol giving
great inhibition of growth (500 pg/ml) did not cause detectable change in the perme-
ability of the cells. Incorporation of phenylalanine into protein and uridine into
ribonucleic acid (RNA) were inhibited considerably. Incorporation of thymidine into
the deoxyribonucleic acid (DNA) fraction of the mycelial cells was inhibited more
than phenylalanine and uridine into protein and RNA respectively. From these results,
it appeared that hymexazol inhibits the fungal growth by interfering with the DNA
synthesis as primary site of action. (Received May 6, 1975)

Introduction

Hymexazol (3-hydroxy-5-methylisoxazole, Tachigaren®) is a new soil fungicide,
and has been used for control of soil-borne diseases, such as Fusarium wilt and
damping-off of rice seedlings (Fusarium spp., Pythium spp., and Rhizotonia spp.),
cucumber (Fusarium oxyspovum Schlecht. ex Fr. {. cucumerinum Oven and Pythium
aphanidermatum Edson), tomato [Fusarium oxysporum f. [ycopersici (Sacc.) Snyd.
& Hans.), and beets (Pythium debaryanum Hesse) 18).

The absorption and translocation pattern of hymexazol in plants has been studied
by the authors!®. TIts ability to enter and be translocated in plant tissue is a
desirable property of this chemical. The metabolic fate of hymexazol has also been
reported®. 9, and an interesting evidence for the possible conversion of hymexazol
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to compounds with hormonal qualities was observedS 15 . Disease control can be
obtained by applying the chemical as a seed coat, or as drench pre-and post-planting
treatment. Diseases incited by Fusaiurm spp. are particulaly troublesome in plant
cultivation, and their control is a primary concern.

The objectives of this investigation were to determine the mechanism of antifungal
action of hymeyazol. Results pertaining to the uptake and metabolism of the toxi-
cant are to be published elsewhere®. Portions of these studies were reported
previously?.

Materias and Methods

Chemical. Crystalline hymexazol, 3-hydroxy-5-methylisoxazole, which was syn-
thesized by K. Tomita ef al. in our Agricultural Chemicals Laboratories, was dissolved
in sterile distilled water at an appropriate concentration and used throughout this
study.

Test fungi. F. oxysporum Schlecht. ex Fr. f. cucumerinum Oven (F-16) used in
the experiments was obtained from the collection of Sankyo Agricultural Chemicals
Research Laboratories. The strain was maintained and subcultured in F-medium as
previously describeds’. After successive subculturing, young growing mycelial cells
were obtained from 4-day cultures in Fernbach flasks, and used in all experiments.
Saccharomyces cerevisiae Hansen (SANK 50361) was obtained from the collection of
Sankyo Fermentation Research Laboratories and conditions for culturing of this
strain have also been described previously 6.

Growth inhibition curve, Spore and mycelial suspension of the Fusarial fungus
was incubated to 10 ml of the F-medium® in 50-ml L-flasks on a reciprocal shaker
at 27 C. An aliquot 0.1 ml of hymexazol solution was added to the flasks at zero
time. After growing for appropriate periods of time, the mycelia were harvested
by filtration onto previously weighed filter papers and then transferred to an oven
maintained at 100 C. The determinations of dry weight were made after 24 hr.
S. cerevisiae was grown in the yeast medium® at 30 C on a reciprocal shaker.
The spore suspension prepared was used for growth inhibition tests. The growth
of S. cerevisiae was measured photometrically according to the procedure of Siegel
and Sisler!8,

Respiration of intact cells of F. oxysporum f. cucumerinum. Respiration
was measured polarographically in a semiclosed reaction vessel of an oxygen meter
of Beckman Co. (0, Macroelectrode, Spinco Division of Beckman Inst., USA), origin-
ally designed by Hagiwara?>. The reaction mixture in the vessel contained 150
pmoles of phosphate buffer solution (pH 6.5) and the suspended cells equivalent to
1 to 2.5 mg (dry weight) in a total volume of 1.5 ml. The incubation was started
by the addition of cell suspension and carried out at 27 C with stirring. The
oxidation reaction was followed for several minutes on a recorder. Per cent of
inhibition was calculated from the slope on the chart before and after the addition
of hymexazol or other reference toxicants.

The fresh and active growing cells of Fusarial fungus prepared as indicated
previously were used in all experiments. A part of the intact cells used was
starved cells in order to increase their sensitivity to the toxicant. The starved cells
were prepared by incubating intact cells for 48 hr at 27 C on a reciprocal shaker in
phosphate buffer solution (pH 6.5) without the addition of other nutrients (see Fig.
2-A).

The effects of substrate on respiration of the intact cells, as well as mitochon-
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dria, were tested with glucose, fructose, xylose, galactose, lactate, L-malate, succ-
inate, ascorbate, citrate, fumalate, a-ketoglutalate, a-glycerophosphate and B-hydroxy-
butylate. Since the effect of glucose was most clear, it was used as substrate for
respiration by the intact cells, as seen in Fig. 2.

Preparation of F. oxyporum f. cucumerinum mitochondria. Young myceli:
al cells were ground in a mortar with two volumes of silica sand and then suspend-
ed in 500 mM sucrose, 10 mM sodium ethylenediaminetetraacetate (EDTA), 0.15%
bovine serum albumin, 6 mM potassium citrate, and 10 mM Tris buffer adjusted to
pH 6.5. The suspension was first centrifuged at 1,000 xg for 10 min, and the
pellet was discarded. The supernatant solution was then centrifuged at 10,000 X g
for 10 min, and the resultant pellet was resuspended in the medium mentioned
above. The suspension was recentrifuged at 1,000 xg for 10 min, and the su-
pernatant suspension, which had a final concentration of 10 to 30 mg of protein per
ml, was referred to as mitochondrial fraction. Experiments with the mitochondria
were conducted on the day they were prepared since respiratory control index (RCI)
of the fungal mitochondria had been found to decrease within several hours after
their preparation even at 0 C!4. All operations were carried out between 0 to 4
C. Protein in the mitochondrial fraction was determined by the method of Lowry
et allV,

Oxidative phosphorylation by mitochondria of F. oxysporum f. cucumeri-
num. Oxygen uptake was measured in the oxygen meter at 27 C. A 1.,5-ml amount
of the basal medium (pH 6.5, adjusted with KOH), containing 125 mM sucrose, 10
mM KH,PO,, 10 mM MgCl,, 1.5 mM EDTA, and 4.5 mg of bovine serum albumin,
was first transferred to the vessel and incubation was started by addition of 20 to
100 pl of mitochondrial suspension (1 to 2 mg of protein). Substrate (20 wl), adeno-
sine diphosphate (ADP; 10 ul), and inhibitors (15 xl) were also added to the incuba-
tion mixture. RCI was calculated from the rates of oxygen uptake before and after
the addition of ADP. Effect of inhibitors was followed in the presence of both
substrate and ADP, and per cent of inhibition was calculated as described above.
In order to assay oxidative phosphorylation, about 5 xCi of orthophosphate, 0.5 mg
of hexokinase (Sigma Chemical Co., type 4), and 150 pM of glucose were added to
the reaction mixture. At predetermined intervals 100 pl samples of the incubation
mixture were taken out for the assay of adenosine triphosphate (ATP), which was
carried out by the method of Nielsen ef @l.!®  Free orthophosphate was determin-
ed by Takahashi’s method!?.

Preparation of rat mitochondria. Two rat livers (50.48 g, fresh weight)
obtained from male rat of strain of Wistar-Imamichi were washed twice in cold
distilled water, homogenized by Potter-Elvehjem homogenizer and suspended in the
preparation medium consisting of 0,25 mM sucrose and 3 mM EDTA (pH 7.2, adju-
sted with Tris (hydroxymethyl)-aminomethane). The suspension was first centri-
fuged at 700 xg for 10 min, and the pellet was discarded. The supernatant solution
was then centrifuged at 5,000 xg for 10 min and the resultant pellet was resus-
pended in the medium mentioned above. The suspension was centrifuged at 10,000
xg for 10 min, three times. The pellet finally resuspended in 5 ml of the same
medium is referred to as mitochondrial fraction. Experiments with rat mitochondria
were conducted on the day they were prepared at 0 to 4 C.

Oxygen uptake in rat mitochondria. Oxygen uptake was measured in the
same manner as described above in the basal medium containing 250 mM sucrose, 0.1
mM EDTA, 2 mM MgCl, MgCl,-6H;0 6H;0, 20 mM KH,PO, and 10 mM KCl (pH
7.2 adjusted with KOH). The basal medium (1.5 ml) was first transferred to the
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vessel. Incubation was started by addition of 100 gl of mitochondrial suspension (5
mg of protein). Substrate (20 pl), ADP (10 pl) and inhibitors (15 pl) were also
added to the incubation mixture. By the repeated addition of ADP and substrate,
the ADP response by mitochondria was measured, and proved to be efficient. RCI
was calculated as mentioned above. Effect of inhibitors was followed in the prese-
nce of substrate.

14C-glucose leakage. Young mycelial cells of F. oxysporum f. cucumerinum (100
mg, dry weight) were suspended in 100 ml of the phosphate buffer solution (pH
6.5) in a 500-ml Sakaguchi flask. The cell suspension was incubated for 2 hr at 27
C by shaking. 14¢C-glucose-(U) (specific activity; 3.9 mCi/mM, 12 pM/g fresh weight
cells) was added to the suspension at zero time. Feeding of labeled glucose to the
cells was made for exactly 2 hr, and stopped by separation of the cells from the
medium by filtration. The cells were thoroughly washed with the phosphate
buffer more than ten times or until radioactivity was no longer detectable in the
washing solution. = Thereafter, a part of the cells (1/5) was used for measuring
both radioactivity and dry weight. A certain amount of the cells that absorbed
14C.glucose was homogenized in a blender, extracted three times with methanol, each
at 5 min, and suspended homogeneously in dioxane-toluene scintillation fluid supple-
mented with 3% Cab-O-Sil (Packard Instrument Co., USA), and measured for radioa-
ctivity. The rest of the cells (4/5) that had absorbed 1¢C-glucose were suspended
in the fresh phosphate buffer solution (pH 6.5). The cell suspension prepared as
10 ml in a 50-ml L-flask was incubated at 27 C on a reciprocal shaker. An aliquot
(0.1 ml) of hymexazol solution (final concentration; 50 and 500 wg/ml) or p-s-butyl-
phenol (200 pg/ml, referential compound® was added to each of the flasks. Then,
0.5 ml aliquot of the cell suspension was taken out at hourly intervals, and centrifu-
ged at 1,000 xg for 10 min. The supernatant solution was suspended in dioxane-
toluene scintillation fluid, and the radioactivity derived from the leakage of membrane
was determined. Further investigation on this respect was made with 22P-o-phosphate
(0.038 uCi) in the same experimental system as above.

Phenylalanine incor poration. Experiments below principally followed to the
procedure of Hock and Sisler in the case of Rhizoctonia solani® with some modifi-
cations. Mycelial cells of F. oxysporum f. cucumerinum (10 g, fresh weight) were
incubated in 100 ml of phosphate buffer solution (pH 6.5) in a 500-ml Sakaguchi
flask containing 100, 300 or 1,000 wg/ml hymexazol. After 3 hr incubation, 0.8 uM
3-14C-L-phenylalanine with a specific activity of 4,7 mCi/mM was added to the above
solution. Five ml aliquots of the cell suspension were removed at hourly intervals,
and centrifuged at 1,000 xg for 10 min. The pellet was washed twice in cold
distilled water with shaking, and centrifuged. The resultant pellet was suspended
in cold 5% trichloroacetic acid (TCA) for 2 hr, and centrifuged. Two additional
TCA extractions were made. The extracted pellet was placed in cold redistilled
methanol for approximately 30 min, and centrifuged. The radioactivity in the pellet
" was determined as described in the methods for determining !4C-glucose leakage.
As a reference, the radioactivity in the supernatant was monitored at each step of
the above experiments.

Uridine incor poration. Mycelial cells of F. oxysporum f. cucumerinum (10 g,
fresh weight) were incubated in 100 ml of phosphate buffer solution (pH 6.5)
containing 0,25 muM 5-3H-uridine (specific activity of 18.7 Ci/mM) and or 100, 300
or 1,000 pg/ml hymexazol. Five ml aliquots of the cell suspension removed at
hourly intervals were centrifuged at 1,000 xg for 10 min. The pellet was rinsed
in the distilled water, and centrifuged. The pellet was extracted with 5% TCA,
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and centrifuged. The radioactivity of 1/5 of the extracted cells was obtained by the
method mentioned above, by which providing levels incorporated into the RNA and
the DNA fraction. Radioactivity incorporated into the DNA fraction was determined
as follows; a 4/5 of the extracted cells was incubated overnight at 37 C in 0.5 N NaOH.
The solutions were neutralized with HCI, and cold TCA (5% final concentration)
was added to precipitate the DNA. The samples were centrifuged, and the precipita-
ted DNA and mycelial cells were rinsed with methanol and suspended in scintilation
fluid. The amount of radioactivity in the RNA fraction was calculated by subtracting
the counts in the DNA fraction from those in the RNA plus DNA fractions.

Thymidine incor poration, Mycelial cells of F. oxysporum f. cucumerinum (10
g, fresh weight) were incubated for 2 hr in 100 ml of phosphate buffer solution
(pH 6.5) containing 0.04 pM 2-'4C-thymidine (specific activity 37 mCi/mM), and
then 100, 300 or 1,000 xg/ml of hymexazol was added. Five ml aliquots of the cell
suspension removed at hourly intervals were washed in the distilled water and
centrifuged. The pellet was suspended in 0.5 N NaOH, and incubated overnight at
37 C. The solutions were neutralized, and then the samples were processed and
counted according to the procedure described above for determining incorporation
of radioactivity into the DNA fraction.

Experiments on phenylanine, uridine and thymidine incorporations were perfo-
rmed in triplicate, and these experiments were also carried out with Pellicularia
filamentosa (Pat.) Rogers f. sasakii (Shirai) Exmer 6.

Results
Control
Effect of hymexazol on the growth
150 Hymesazol of F. oxysporum f. cucumerinum
30zg/ml The growth of F. oxysporum f.
Hymexazol cucumerinum from mycelial cells was
1004g/ml

inhibited approximately 50% by hym-
exazol at a concentration of 300 pg/
Hymexazol ml (Fig. 1). Effect of hymexazol on
300ug/ml the growth of various organisms, such
as Pellicularia sakaii, Fusavium spp.,
Rhizoctonia spp., Saccharomyces cere-
visiae and Pseudomonus cruciviae, has
been described previously® . Of these
microorganisms, S. cerevisiae was most
insensitive to the toxicant, and could
grow even at levels up to 1,000 pg/ml
Hymexazol of hymexazol.

6004g/ml
{/—.‘ Effect of hymexazol on respi-

o ” " p % 20 iratton of F. oxysporum f. cucumer-
Hours tnum

Oxygen uptake by the starved cells
of F.oxysporum f. cucumerinum, which
Hymexazol was incorporated into 10 Were‘ suspended in ‘phosphate buffer
ml of liquid medium in a L-flask. solution (pH 6.5) minus a carbon and
Following inoculation, the flask was nitrogen source for 48 hr prior to
incubated for 1-5 day at 27 C on re- making respiration measurement, was
ciprocal shaker operating at 140 rpm. not much affected by hymexazol at

100

Mg Dry Weight Cells

Fig. 1. Growth inhibition of F. oxysporum
f. cucumerinum by hymexazol.
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a concentration of 500 pg/ml which almost completely suppressed mycelial growth
for 36 hr. Antimycin A (5 X 1075 M) greatly suppressed the respiration of this
fungus (Fig. 2-A).

A

Cells  Cells 0,=310nM Fig. 2. Effect of hymexazol on respiration

¥ ¥ of F. oxysporum f. cucumerinum.
Polarographic traces illustrating the
effect of hymexazol on respiration
were shown. A: The starved cells
were prepared by preincubation for
48 hr in phosphate buffer solution
(pH 6.5) without addition of nutrie-
nts prior to testing. B: The intact
cells were tested in the presence of
B glucose. Reaction mixture contained
2.0 mg (dry weight) of mycelial cells.
Cells, toxicant and substrate were
added at the time as indicated by the
arrow. Inhibition (oxygen consum-
ption) is shown on the slope in the
chart. Numbers along traces are rat-
es expressed as nanomoles (2/min/1.5
ml reaction mixture. Glu.; glucose.
Hym.; hymexazol. PMA; phenylmer-
curic acetate. Additions are shown
as final concentration.

Hym. =" AntimycinA

50042g/ml

Cells (\‘i’ells C:lls Cells  0,=310nM

0, Nanomoles /1.5ml Reaction Mixture

[

Smin Minutes

The inhibitory effect on respiration in the intact cells was monitored upon
addition of the toxicant and a time lag was observed with intact cells and mitochon-
dria. Inhibitory effect of hymexazol on the respiration depends on the substrate
used. Among the substrates tested, glucose was the most sensitive to the oxidation
of intact cells. Succinate was the most sensitive substrate to the oxidation by mitoc-
hondria. Oxygen uptake by the intact cells was promoted by addition of glucose.
KCN (1074 M) and PMA (phenylmercuric acetate) (10 wg/ml) inhibited oxygen
uptake by the intact cells, however, hymexazol (150 and 500 pg/ml) was ineffective
(Fig. 2-B).

Effect of hymexazol on the oxidation and phoshorylation in mitochondria
To ascertain the effect of hymexazol on fungal respiration, experiments were
performed with the mitochondrial system of the fungus. The oxidative activity of
the fungal mitochondria was preliminarily investigated by monitoring the conversion
of ADP to ATP in the presence of succinate.

The rates of oxidation of succinate in the hymexazol-treated (500 wpg/ml) and
untreated mitochondria were almost the same. On the other hand, Antimycin A (2
X 107% M) completely inhibited the oxidation of succinate in mitochondria (Fig. 3).

Effect of hymexazol on phosphorylation was examined by the successive addi-
tion of hexokinase and glucose, 32P, succinate and ADP to the fungal mitochondria
in the reaction mixture in the vessel using the methods of Takahashi'!”. Hymexazol
(500 pg/ml) had no effect on oxidative phosphorylation coupled with oxidation of
succinate.

Effect of hymexazol on the oxidation in rat mitochondria
For a determination if the effect of hymexazol was inhibitory on respiration, the
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Fig. 3. Effect of hymexazol on oxidation in F. oxysporum f. cucu-
merinum-mitochondria. Incubation mixture contained 1.5
mg (dry weight) of mitochondrial protein in a total volume
of 1.5 ml. Mt; mitochondria, H & G; hexokinase and glucose
(10 ul), succinate (20 pl), ADP; adenosine diphoshate (10 pl),
and hymexazol and Antimycin A (15 pl) were added at the
time as indicated by the arrow. Inhibition was shown as

in Fig. 2.
2
2
i Mt
=
=
2
S
o
L3
o
T
<' 100
P Hymexazol
g 500 g/ml
] s
£
o
ZN i . L i & A L i
(e} i
Smin inutes

Fig. 4. Effect of hymexazol on oxidation in ratmitochondria.
Incubation mixtures contained 5 mg (dry weight)
of protein of rat mitochondria, substrate (20 wpl of
succinate) and inhibitors (15 pl). These were ad-
ded at the time as indicated by the arrow. Inhibi-
tion was shown as in Fig. 2.

oxidative activity of rat mitochondria was further investigated under the influence
of the toxicant. ‘

Rat mitochondria were also capable of demonstrating ADP response in the
presence of succinate. KCN (1072 M) completely inhibited the oxidation of succinate
in rat mitochondria, but hymexazol did not (Fig. 4).

Effect of hymexazol on the cell membrane function

The possibility that hymexazol causes damage primarily to the cell membrane
was investigated in a manner reported for polymyxins!?’, nystatin!’, and in other
antibiotics. The fungal cells had been incubated for 2 hr with 14C-glucose, and
then almost all of the radiocative materials onto the cell surface were removed by
repeated washing. The amount of isotope taken up by the cells was 0.07 pM of
14C.glucose. Some cells were treated by hymexazol (50 and 500 pg/ml) or p-s-
butylphenol (200 pg/ml) and the amounts of isotope that leaked out of the cell
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6
¥C—Glucose 7} ® Control
P-sec-butylphenol
200pg/ml =
© Hymexazol
5 z 1004g/ml
20
3 5
i Hymexazol
a 3004g/ml
o0
£
z I
, 2
E 2z ~ E
A 4 £
[3) s S 4
mg Hymexazo] =
X 500ug/ml X
50pg/ml
control
1 Hymexazol
1.,000g/ml
1 -
Cycloheximide]
50pg/ml
, ; : 0 =
0 1 y 3 4 1 2 3 4 5
Hours Hours
Fig. 5. Effect of hymexazol on the cell me- Fig. 6. Effect of hymexazol on phenylalanine
mbrane function of F. oxysporum f. incorporation into protein fraction
cucumerinum. of F. oxysporum f. cucumerinum.
Fungal cells were incubated for 2 hr Fungal cells (10 g fresh weight) were
at 27 C with 14C-glucose- (U) (spe- incubated for 3 hr at 27 C in 100
cific activity 3.9 mCi/mM; 12 uM/g ml of phoshate buffer solution (pH
fresh weight cells) by shaking. The 6.5) in a 500 ml-Sakaguchi flask con-
cells filtered off from the medium taining 100-1,000 pg/ml hymexazol
were washed ten times in buffer, re- prior to adding 0.8 uM 3-14C-L-phe-
suspended in the buffer containing nylalanine (specific activity 4.7 mCi
hymexazol (50 and 500 pg/ml) or p-s- /mM).

butylphenol (200 pg/ml).

membranes were measured at hourly intervals (Fig. 5). It was observed that 14C-

glucose already taken into the cells did not leak, even at a concentration of 500 ug

of hymexazol per ml. A reference compound, p-s-butylphenol, on the other hand,

caused great damage to the cell membrane, and resulted in the leakage of !4C-

materials out of the cells into the medium (Fig. 5). When 32P was used, the result

was quite similar to the above. Thus it is concluded that hymexazol does not
. cause damage primarily to the cell membranes.

Effect of hymexazol on phenylalanine incor poraticn

Fungal cells, which had been treated with hymexazol for 3 hr, were incubated
with 0.8 pM 3-!4C-phenylalanine. Incorporation of L-phenylalanine into the TCA
and methanol insoluble fraction of mycelial cells of F. oxysporum f. cucumerinum did
not show significant inhibition (20%) with 300 pg/ml hymexazol. Inhibition (nearly
70%) was observed with 1,000 pg/ml hymexazol (Fig. 6).

Effect of hymexazol on uridine incor poration

Hymexazol was added to the cells in the medium containing 0.25 muyM 5-3H-
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Fig. 7. Effect of hymexazol on uridine incor-
poration into RNA fraction of F.

Fig. 8. Effect of hymexazol on thymidine
incorporation into DNA fraction of

oxysporum f. cucumerinum.

Fungal cells (10 g fresh weight)
were incubated in the medium conta-
ining 0.25 muM 5-3H-uridine (speci-
fic activity 18.7 Ci/mM) and or
hymexazol (100-1,000 pg/ml).

F. oxysporum f. cucumerinum.
Fungal cells (10 g fresh weight)
were incubated for 2 hr with 0.04
#M 2-14C-thymidine (specific activity
37 mCi/mM) prior to adding hymex-
azol (100-1,000 pg/ml).

uridine, and counts incorporated into the fungal RNA fraction were measured perio-
dically (Fig. 7). Incorporation of uridine into the RNA fraction of mycelial cells of
E. oxypsorum f. cucumerinum was inhibited nearly 30% by 300 wg/ml hymexazol
during the period of the experiments, 70%, by 1,000 ng/ml.

Effect of hymexazol on thymidine incor poration

Hymexazol was added to the medium, in which the fungal cells were being
incubated with 0.04 wM 2-14C-thymidine, and the amounts of the isotope in the
DNA fraction of the cells were measured periodically (Fig. 8). Incorporation of
thymidine into the DNA fraction of mycelial cells of F. oxysporum f. cucumerinum
was considerably inhibited (50%) by 300 pg/ml hymexazol, and at a concentration of
1,000 ug/ml no thymidine incorporation was observed (Fig. 8).

Discussion

Hymexazol seemed not to be a strong fungicidal toxicant in wvitro, but was
fungistatic®. However, it at 300 pg/ml considerably suppressed the mycelial grow-
th of F. oxysporum f. cucumerinum in liquid culture, whereas S. cerevisiae was
essentially unaffected by concentrations of the toxicant as high as 1,000 ug/ml. The
cells of S. cerevisiae could grow at more than 1,000 pg/ml of hymexazol, and even
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at 3,000 pg/ml of the toxicant, S. cerevisiae could survive with difficulty.

Absorption of hymexazol from the medium by F. oxysporum f. cucumerinvm was
significant, whereas S. cerevisiae absorbed a little the toxicant8’. Rate of uptake
of hymexazol seemed to be the primary factor determining sensitivity to the toxicant.
The lack of ability to metabolize hymexazol does not seem to be the primary factor
stated above (Kamimura ef al., unpublished data). This was also the case of
chloroneb reported by Hock and Sisler®.

Hymexazol did not significantly inhibit respiration of the intact cells as oxida-
tion of succinate in the mitochondria of F. oxysporum f. cucumerinum, as well as in
rat mitochondria proceeded at 150 and 500 pg/ml of the toxicant.

The function of cell membrane of this fungus was not damaged by the conce-
ntrations of hymexazol as high as 500 pg/ml. This was further studied with more
sensitive fungus, Pellicularia sasakii®, than F. oxysporum f. cucumerinum by the
same experimental system. P. sasakii showed the leakage through cell membrane
at 500 pg/ml of hymexazol, but, not at 50 ug/ml. However, when compared with
the effect of p-s-butylphenol (100 wg/ml), the effect of hymexazol (500 pg/ml) on
the cell membrane was still very low.

Interesting evidence for the selective toxicity to fungi of hymexazol was observed
in the rate of incorporation of hymexazol in the TCA and methanol insoluble
fraction of the cells of the fungi. Sensitive organisms (P. sasakii and F. oxysporum
f. cucumerinum) incorporated !4C-hymexazol into the TCA and methanol insoluble
fraction more than insensitive organism (S. cerevisiae) did®>.

With regard to the effect of hymexazol on several metabolic processes in F.
oxysporum f. cucumerinum, the incorporation of thymidine into DNA was inhibited
to a degree that might be expected to lead to a suppression of growth. And the
incorporation of phenylalanine into protein and uridine into RNA were also inhibited
considerably, but, lesser extent than that of thymidine into DNA. This was the
same with P. sasakii, when tests were made with the same system in F-medium,
instead of the buffer solution.

The findings in this report suggest that hymexazol may exert its antifungal
activity by interfering with DNA metabolism.

The authors thank Dr. R. N. Goodman, Professor and Chairman, Department of Plant
Pathology, College of Agriculture, University of Missouri, Columbia, Mo. 65201, U. S. A.,
for critically reviewing the manuscript.
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Mmoo E
ELER], ~NAAFH S —, 3-E FuFv-5-AFn
AV EYY—vDFy ) BERFEEICS T ABREEREE

LR - W K - BHEES

FREHI, A A F% —u (3-hydroxy-5- methylisoxazol) DEEAMFICONT, HEZHE
Fusarium oxysporum f. cucumerinum % FINTHE Uiz, FERGEHE Saccharomyces cevevisiae 7
SHRE & LTV 2o BIEREERIEELHT T, N A9V —vOBE 300ug/ml TEB ML DINH K
Nrcs, $%HEFIL 1000pg/ml ORECEBNTHIEEBEE Liceo TNOREBHTD A 2+ —vOBRE
DR, FEBETOREAOBINEDERICIER LT3, S. cerevisiae |3, REFTIIHEE (5hr)
acjgll\f’ % Cﬁ;ﬂ ﬁﬁ&l{%ﬁ%%zﬁg A 7133’> fx—o

A A F)—vdD F. oxysporum {. cucumerinum (3 AR EEAEIEEZ KBS U-iER, KB4
BICK g 2 I ERERAE L, FAABO Fa v MY TORMNY VERILRBOEEL DI h ot X5
IZ, 7y PO PV Y TORABIICHTIHEMERS, BEAESLNE b oToe N AFH Y —0
23, AREICH UTRWABILE A RTIEE, 500ug/ml (BT, K4 EKIECHEAEOHEZLBRE Lichs,
SIBEEK], p-s-butylphenol (KT % &, AEFDOHEIEARDITNEDTH -k KELKRERHE
D7 =—NT 5=2VORY CH, R RNA SEADY ) FYOMD CBERE Lick A, ~A AFH
VI D DIRD DIENH LNz AR 4 KD DNA SEADF I FYORY & & HEEBRE Uiz
ETh, TT=NT F=VRUY ) FYORKEANERS RNA SEA~OKD C ALY, XDHROHEES
BEENIR Ulze TNODHERID, N4 AFHV — VORBEIEARESE LT, F. oxysporum f. cucume-
rinum OIZERNH, TLEARHOEENEZLOSNS,
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